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Abstract

The eff~ctsof defoliation level and timing on growth andsurvival of young loblolly (Pinus taedaL) andslash
(P. elliottii Engeim.) pineswere studied in pine plantationsin 1986. Five defoliation levels (100,.95,.66, 33, or
0 percent) and four. defoliation times (January,April, July or October) were replicatedat four Coastal Plain
locations (two in~Gaorgiaand oneeachin Florida andSouth Carolina).Needleswere manuallyremovedfrom the
ground up through the crown to simulate scorcheffects on foliage. Ninety-threepercentof the loblolly pines
defoliated100% in Octoberand 40% of the slash pinesdefoliated 100% in October~.were.killed. Diameter and
height growth of treesdefoliatedat the threemostsevei~levels were reduced.

R~sum~

Une dtudedtait entrepriseen 1986 pourddterminerleseffetsdu degrdet dela pdriodede ddfoliation surle taux
decroissanceet de survie dejeunespins taedas(Pinus taedaL.) et pins d’Elliot (Pinus elliottil Engelm.)Quatre
endroitsde Ia plaine c6ti&e (2 en Georgie, un en Floride et un autreen Carolinedu Sud) ont dtd soumisa cinq
degr~sde defoliation(100, 95, 66, 33 ou 0%) ~ quatrepdriodesde ddfoliation diff~rentes (janvier, avril, juillet
ou octobre), traitementsassortisde r~pdtitions. Les aiguilles ont dt6 enlevdesk Ia main, de Ia baseau sommet
de la cime, pour simuler leseffets du roussissementsur le feuillage. Un taux de mortalit~ de 93% a dtd observe
chezles pins taedasayantdt~ compl~tementddfolids en octobreet 40% despins d~Elliot ayant6t6 compl~tement
ddfoli~s en octobre sont morts. Les arbressoumisaux trois plus importantsdegr~s de defoliation prdsentaient
toutefois unediminution significative de l’accroissementde leur diam~tre et de leur hauteur.

Introduction

Prescribedfire is used extensively in the southern
United Statesto managesouthernpine stands. This
practice,as well as wildfire, sometimescan result in
damageto crop trees.Roots,stems,andcrownscan be
individually or collectively affected.Knowledgeof the
magnitudeand durationof a tree’sresponseto various
levels of damageis a prerequisitefor evaluatingman-
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agement alternatives. Wade and Johansen (1986)
reportedthat the factorsaffecting postfiresurvival and
growth of southernpine havenot yet beenadequately
describedand in fact are often contradictory.Growth
reductionsandincreasesas well as differing mortality
have been reported for identical levels of scorch
(Villarubia andChambers1978,Waldropand Van Lear
1984). A study was establishedin January 1986 to
better delineatethe effects of timing and severity of
crown defoliation on southern pine survival and
growth.
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Methods

To study the survival and growth of youngsouthern
pines after simulated crown scorch, this study was
establishedin 4-year-oldloblolly (Pinus taedaL.) and
slash (P. elliottii Engelm.) pine plantations on the
SouthCarolina,Georgia, and Florida coastalplain in
1986. A factorial experimentwith 15 replicationswas
establishedat eachof 4 locations. Loblolly pine sites
were establishedat Bainbridge,Ga. and Branchville,
S.C. andslashpinesitesat Palatka,Fl. andWaycross,
Ga. in January.Study trees were 2.5 to 3.5 meters
tall, healthy,and of good form at the time of selec-
tion. One of five levels of defoliation (0, 33, 66, 95,
and 100 percent) and one of four timings of defoli-
ation (January,April, July, or October)wererandomly
assignedto each of 20 trees within a replication
(fig.1).

Foliage was removedmanually during the first two
weeksof April, July or October1986 or January1987.
Foliageremovalbegan atground level andprogressed
up through the crown to simulatecrown scorch.This
techniquesimulatedthe effectsof foliage drop result-
ing from prescribedfire, without incorporating any
heat effects (i.e. heat. damage to buds). Needles,
sheaths,and fascicles were stripped off of branches
andthe bole. Carewas takennot to accidentlyremove
any budsduring the stripping process.

Initial treediameterat breastheight (d.b.h., 1.37 m
aboveground)and total heightweremeasuredin early
1986 before bud elongation. D.b.h. and total height
were remeasuredin Januaryof 1987,1988, and 1989.
Survival of each tree was noted by observing bud
condition, The numberof annual growth flusheswas
recordedat selectedlocationsand times. Mean initial
height and d.b.h. did not differ betweendefoliation
levels or timings. A wildfire burnedthrough a portion
of the Branchville site during the winter of 1987.
Survival of the trees unaffectedby the wildfire was
similar to survival at Bainbridge.

Analysis of variance (ANOVA) was used to test for
differencesin final d.b.h. and height for each level
and timing of defoliation. As expected,the interac-
tions betweentiming and level of defoliation were
significantly different from 0. Selectedline plots of
mean d.b.h.andheight weregraphedby location by

0% 33 %

FIG 1. Manual defoliation levels applied to 4-year-old
loblolly (Pinus taedaL) and slash (P. elliottii Engel.)pine
,n thecoastalplain of SourhCarolina, Georgia, and Florida.

Table 1. Effects of defoliation level and timing on diameter
and height of 4-year-old loblolly (Pinus taeda L) and slash
(P. elliottii Engelm.) pines in the South Atlantic Coastal
Plain.

Pine species

Growth

Diameter

Variable’

Height

Loblolly (Bainbridge) L, T L, T, L*T

Slash(Palatka) L, T, L*T L, L*T

Slash (Waycross) L, T, L*T L, T. L*T

‘Letters indicate significant factorsin ANOVA (P <= 0.025).
L = defoliation level (0, 33, 66, 95, or 100 percentcrown
defoliation),T = defoliation timing (within first 2 weeks of
April, July, or October 1986 or January 1987), L*T =

interaction betweendefoliation level andtiming.

timing of defoliation (figs. 2-5). The terms d.b.h.
growth rate andheight growth rate refer to the slopes
of theseline plots.

Results

Defoliation level significantly alteredd.b.h.andheight
of slash and loblolly pine at all threesites (P < 0.01)
(table 1). Timing of defoliation significantly altered
d.b.h.and height at Waycrossand Bainbridge,but not
Palatka. The interactions between level and timing
were statistically significant (P < 0.05) for slash pine
d.b.h.and height,andfor loblolly pine d.b.h.(table 1).
In both species,d.b,h. and total height growth loss
increasedas defoliation increased.Severedefoliation
(95 and 100 percent)contrastedwith no defoliation.
Results for the moderate defoliations (33 and 66
percent)followed the generaltrendsthat severedefoli-
ation did; however, growth reductionswere not as
numerically large. Theseare preliminary results and
meanseparationtechniquessuchas Duncan~sMultiple
Rangehavenot beenused. Thusthe growth reductions
may or may not all be statisticallydifferent,

SLASH PINE

Growth patterns at Waycross and Palatka were
similar so only Palatkaresults are presentedgraphi-
cally. Undefoliated treeshad the greatestmeand.b.h.
(fig. 2). Completedefoliation reducedd.b.h. by 12 to
33 percent (table 2). The 66 percent defoliations
reducedd.b.h.by up to 16 percent.

D.b.h. growth rate, indicated by slope of the line
% 100 % plots, recoveredwithin 12 months for all defoliationsexceptthe completeOctoberdefoliation (fig. 2). April

andJuly treatments,appliedduring the growingseason,

66 %
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Table 2. Loss of diameter and height growth due to
seasonaldefoliation of young slash pine (Pinus elliottii
Engelm.)in the FloridaandGeorgiacoastalplain.

Defoliation
timing

Site’
Defoliation level (pct)266 95 100

January W
W

11(3)
7(4)

23(15)
18(13)

23(14)
26(21)

April W
W

7(3)
6(6)

11(9)
6(10)

13(9)
12(13)

July W
W

8(1)
16(10)

15(10)
14(10)

21(18)
20(17)

October W
W

7(3)
14(8)

21(13)
22(18)

33(22)
27(24)

‘P = Palatka,Fl.; W Waycross,Ga.
2Percentageof foliage handremovedfrom groundupward.

depressedd.b.h. growth rate in the same growing
seasonthat defoliation occurred. D.b,h. growth rate
reduction was not apparentuntil the growing season
following the October and January treatments --

dormant season applications.
Slash pine total height was also reduced by defoli-

ation (fig. 3). Total height of the complete defoli-
ations was reduced 9 to 24 percent (table 2). January
and April defoliations reduced height growth rate in
the growing seasons of defoliation. July and October
growth reductions occurred during the growing season
after treatment. This result is not considered surprising
as height growth is primary growth and occurs early
in the growing season. Sixty-five percent of the height
growth of southernpine seedlingsin North Carolina
was completed by July 1 (Kramer 1943).

Forty percent of the trees completely defoliated in
Octoberdied by January 1989 at Palatka. Slash pine
mortality did not occur at Waycross or in partially
defoliated trees at Palatka. No sign of diseaseor
insect attack wasobservedat Palatkaso mortality was
attributed to the defoliation treatment.

LOBLOLLY PINE

As with slash pine, defoliation reducedd.b.h. (fig.
4). D.b.h. growth of the trees treatedin Januaryand
April recoveredthe next growing season.July d.b.h.
growth rate recovered two growing seasonsafter
defoliation. The completeOctoberdefoliation growth
rate has yet to recover. D.b.h. of the completely
defoliatedtreeswas reduced7 to 57 percent(table 3).

Januaryand April heightgrowth rateswere reduced
in the growing seasonof treatment;July and October
heightgrowth ratesthe following growingseason(fig.
5). The total heightof completelydefoliatedtreeswas

Table 3. Lossof diameterand height growthdue to seasonal
defoliation of young loblolly pine (Pinus taedaL) in the
Georgiacoastalplain.

Defoliation
Defoliation level
66 95

(pct)’
100

timing

January 0(4) 8(17) 11(14)

April 5(11) 7(13) 10(16)

July 1(7) 5(14) 7(18)

October 2(11) 12(23) 57(48)

1Percentageof foliage handremovedfrom groundupward.

reduced 14 to 48 percent (table 3). Except for the
complete October defoliation, height growth rate of all
treatments has recovered.

Mortality was observed in only one category: the
complete October defoliation. Since no insectdamage
Was noted, mortality wa~ ~attiibutedto. 7defoliation.
~ourteenof the 15 treesin this categ6rydied within 15
monthsof defoliation. Diametergrowth of the surviv-
ing tree hasbeennonexistentsince 1987 and the top
diedbackduring the 1987 growingseasonto theinitial
height of 2.74 meters. A lateral bud has assumed
dominance.

Discussion

D.b.h. and height growth of the trees defoliated in
April weregenerallyreducedduring the 1986 growing
season(Weiseet al. 1987). Approximatelyone-halfof
the year’s volume growth was lost. All timings of
defoliation haveresultedin a growth loss that hasnot
beenregained.Recoverypatternsof both speciesafter
defoliation were similar. D.b.h. and height growth of
the January and April trees recoveredthe following
growing season.Complete defoliation reducedd.b.h.
from 12 to 57 percentand total height by 9 to 48
percent.

The mortality responseto defoliation is of particular
interest.Timing of defoliationappearsto be critical. In
both species, only trees completely defoliated in
Octoberdied. All treesdefoliatedat all other timings
and levels survived. Foliage removal just before
dormancymay interrupt the storageof sugars which
would be used during the winter months when the
photosyntheticrateis reducedbecauseof low tempera-
tures. The trees may not have had sufficient resources
to refoliate the following spring and thus died.

Trees severely scorchedduring other time periods
often do die, but results reported here suggest that
mortality associatedwith crown scorch from January
through July resultsfrom stem,bud, or root damage--
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not foliage loss. In astudy involving morethan 1,200
wildfire damagedloblolly pinesless than 8 yearsold,
Wade (1985) found only slight mortality occurred
from crown scorch alone. However, as soonas some
foliage was consumed, mortality increasedsignifi-
cantly.Crownconsumptionimplies bud damagewhich
will causetree mortality if extensiveenough.

We did not evaluatethe impact of bud damageon
survival and growth of southernpines in this study.
Intensewildfires cancauseextensivestemdamagebut
this is usuallyassociatedwith crown consumptionand
thus bud injury. Johansenand Wade (1986) showed
stem damagealone can kill small diametersouthern
pines. Once basal diametersexceed 5 cm, the bark
becomesthick enoughto protect the stemcambium.
Root damageis a possibility, especiallyin older trees
thatcan not replaceheat-killed feederroots as fastas
rapidly growing younger trees. Thus we hypothesize
that bud damageis the principal causeof deathonce
trees have attained a diameter of several centimeters.

Waldrop and Van Lear (1984) examined the effects
of prescribed‘fire on unthinned 17-year-old loblolly
pine. The prescribedburns were conductedin June,
August, or October 1979. Complete crown scorch
(foliage andtips of branchesscorched)occurredin the
high intensity fires. They reported that “diameter
growth of treessubjectedto evenhigh-intensityflames
was not significantly affected in the year following
burning.” Our resultscontradict their statement.

All severe( > 66 percent)defoliation level/timing
combinationsresulted in a d.b.h. and height growth
loss for slashandloblolly pine.Completedefoliations
of 4-year-old loblolly pines resultedin d.b.h.growth
reductionsof 16, 18, and 48 percentfor April, July,
and October defoliations, respectively; slash pine
d.b.h.growth reductionswere 12, 20, and 30 percent.
Growth was reducedwithin 12 monthsof defoliation.
thesegrowth lossesare similar to those reportedfor
oldersouthernpines.Villarubia andChambers(1978)
documenteda significant d.b.h.growth loss in com-
pletely scorched 20 year old loblolly pine in the
growing seasonfollowing an October1976 prescribed
fire. JohansenandWade(1987)reportedthat complete
scorch resulted in a 34 to 68 percent loss in d.b.h.
growth of 25 year old plantationgrown slash pine for
the 2 year periodaftera January1982 prescribedfire.
Thus, althoughloblolly andslashpine can withstand
complete defoliation during the winter, spring, and
summermonths,one should expectsignificant short-
term growth loss. Johansen(1975) found the growth
rate of severely crown damagedslash pine initially
decreasedand then increaseduntil both slightly and
severelydamagedtreesoutgrewtheundamagedcontrol
trees. This does not appear to be happeningin our
current study. We simulatedthe effects of fire, and
thus the treesdid not get the nutrient mineralization
and understory control benefits accruing from an
actual fire.

Conclusions

Partial and completedefoliation reducedd.b.h. and
height growth of 4-year old loblolly andslashpines.
Growth losses occurredwithin 12 months of defoli-
ation. Octoberdefoliationshad the greatestimpacton
growth--93 percentof completely defoliated loblolly
pine died within 15 months and 40 percent of the
completelydefoliatedslashpinediedwithin 27 months.
Winter, spring, and summerdefoliationsdid not cause
mortality.

Prescribedburningduring the dormantseasonshould
not causemortality -- provided only foliar scorching
results. However, severecrown scorch may cause a
d.b.h.andheightgrowth lossof up to 50 percent.Care
should be taken in planning and conducting prescribed
burns in young southernpine standsin order to mini-
mize the potential loss.
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